autistic symptoms and a severe delay in motor skill acquisition. IB2 KO granule cells showed a 48 larger NMDA receptor-mediated current and enhanced intrinsic excitability raising the 49 excitatory/inhibitory balance. Furthermore, the spatial organization of granular layer responses to 50 mossy fibers shifted from a Mexican hat to stovepipe hat profile, with stronger excitation in the core 51 Introduction glass capillaries (Sutter Instruments, Novato, CA) and filled with different solutions depending on 153 the specific experiments (see below). Mossy fiber stimulation was performed with a bipolar 154 tungsten electrode (Clark Instruments, Pangbourne, UK) via a stimulus isolation unit. The voltage-dependent current of the granule cell (see Fig. 1C ). Leakage and capacitance were 192 subtracted using a hyperpolarizing pulses delivered before the test pulse (P/4 protocol). After 193 switching to current-clamp, intrinsic excitability was investigated (see Fig. 1B ) by setting resting 194 membrane potential at -80 mV and injecting 800-ms current steps (from -4 to 22 pA in 2 pA 195 increment). Membrane potential during current steps was estimated as the average value between 196 600 and 800 ms. Action potential frequency was measured by dividing the number of spikes by step 197 duration.
199
Post-synaptic currents 200 Patch pipettes had 5-8 M resistance before seal formation with a filling solution 201 containing the following (in mM): 81 Cs 2 SO 4 , 4 NaCl, 2 MgSO 4 , 1 QX-314 (lidocaine N-ethyl 202 bromide), 0.1 BAPTA-free and 0.05 BAPTA-Ca 2+ , 15 glucose, 3 Mg 2+ -ATP, 0.1 Na + -GTP, and 15 203 HEPES, pH adjusted to 7.2 with CsOH. The calcium buffer is estimated to maintain free calcium 204 concentration around 100 nM. Synaptic currents elicited at 0.1 Hz were averaged and digitally 205 filtered at 1.5 kHz off-line. IPSC and EPSC peak amplitude were taken at +10 and -70 mV to 206 measure the GABA A and AMPA currents, respectively. In some experiments, NMDA current was 207 directly measured at -70 mV in Mg 2+ -free solution in the presence of the AMPA receptor blocker, 208 10 M NBQX (Sola et al., 2004) . In LTP experiments, the acquisition program automatically 209 alternated EPSC with background activity recordings (1 s and 9 s, respectively), from which 210 mEPSCs were detected. After 10 min (control period), the recording was switched to current clamp 211 (patch pipettes were filled with a K + -gluconate based solution) and high-frequency stimulation 212 (HFS) was delivered to induce plasticity. Long-term synaptic efficacy changes were measured after 213 20 min. After delivering HFS, voltage-clamp at -70 mV was reestablished and stimulation was 214 restarted at the test frequency. EPSCs and mEPSCs were digitally filtered at 1.5 kHz and analyzed In order to investigate the expression mechanism of long-term synaptic plasticity over a when (CV 2 /CVA 1 ) -2 > (M 2 /M 1 ) both n and p can increase,
235
(ii) when (CV 2 /CVA 1 ) -2 = (M 2 /M 1 ) only n can increase,
236
(iii) when (CV 2 /CVA 1 ) -2 < (M 2 /M 1 ) neither n nor p can increase implying an increase in q. A 237 pure increase in q will lie on the axis when (CV 2 /CVA 1 ) -2 =1. these properties have been compared in turn between IB2 KO and WT mice. In patch-clamp whole-312 cell recordings in acute cerebellar slices, there were no significant differences in resting membrane 313 potential between IB2 KO and WT cerebellar granule cells but there was a small but significant 314 difference in passive membrane properties (see below and Table 1 ).
316

Enhanced intrinsic excitability in IB2 KO granule cells 317
In whole-cell current-clamp recordings, both WT and IB2 KO granule cells were silent at 318 rest and responded to current steps with fast repetitive spike discharges that increased their 1994) were also significantly larger in IB2 KO compared to WT granule cells. It should be noted 331 that input membrane capacitance (C m ) was slightly but significantly smaller and that input 332 membrane resistance R m was slightly but significantly higher in IB2 KO compared to WT granule 333 cells (Table 1) . Therefore, differences in both current density changes and passive membrane 334 properties support the concept that IB2 KO granule cells were more excitable than WT granule 335 cells.
336
In order to investigate if tonic currents or background synaptic activity (Mitchell and Silver, 
Similar AMPA and GABA A but increased NMDA receptor mediated currents at IB2 KO granule
357 cell synapses 358 Mossy fiber stimulation is known to elicit EPSCs directly through mossy fiber activation 359 and IPSCs indirectly through activation of Golgi cells (cfr. Fig.1A Fig. 2A) . Accordingly, no differences were observed in the AMPA-EPSC/GABA A -IPSC ratio 368 in granule cells (WT = 0.95 ± 0.15, n=13 vs. IB2 KO = 0.86 ± 0.19, n=7; p=0.71; Fig. 2B ).
369
In a different series of recordings, the NMDA EPSC was elicited in isolation at −70 mV in 370 Mg 2+ -free solution in the presence of AMPA and GABA A receptor blockers (10 μM NBQX and 10 371 μM SR95531, respectively; Fig. 2A ). The NMDA-EPSC peak was enhanced in IB2 KO synapses WT mice (WT = 49.9 ± 3.1% vs. IB2 KO = 58.8 ± 2.1%, n=5 for both; p=0.0468; Fig. 3C ). As a 398 result, the altered C/S organization in IB2 KO showed larger excitation cores with poor inhibitory 399 surrounds, shifting from "Mexican hat" to the so-called "stovepipe hat" shape (see Fig. 3B ).
400
A second set of VSDi recordings was performed by subtracting control activity maps from those The AMPA EPSC increased both in WT and IB2 KO mice and remained potentiated 425 throughout the recordings (Fig. 5C ). The increase in amplitude of AMPA-EPSCs was ~5-fold larger 426 in IB2 KO than WT mice (WT = 20.4 ± 4.2 %, n=12 vs. IB2 KO = 102.4 ± 34.9 %, n=9; p=0.047; 427 Fig. 5D ).
428
Intrinsic excitability increased more in WT than in IB2 KO mice (Fig. 6A,B) p=0.07; Fig. 6B ). Moreover, the increase in spike frequency was less pronounced in IB2 KO than 432 WT granule cells (WT = 102.6 ± 19.3%, n=6 vs. IB2 KO = 21.1 ± 8.7%, n=8; p=0.032; Fig. 6B ). A 433 possible explanation of this effect could be that granule cell intrinsic excitability was already 434 increased in IB2 KO granule cells (cf. Fig.1B) , such that the level of IB2 KO granule cell 435 excitability in control was similar to that in WT granule cells after potentiation (Fig. 6B ).
436
As a further control, we monitored the apparent granule cell input resistance (Fig. 6C,D) by Fig. 6D ).
441
At 20 min after HFS, R in-high increase was 67.8 ± 16.5% (n=8) (p=0.0014) in WT and 46.9 ± 9.0%
442
(n=10) in IB2 KO mice (p=0.00012). This change was likely to contribute to the increased intrinsic 443 excitability in both WT and IB2 KO. It should be noted that R in-low remained unchanged in both 444 WT and IB2 KO, providing an internal control for recording stability (Fig. 6C,D) . after HFS, the EPSCs showed a significant increase in WT (18.2 ± 3.4; n=8; p= 0.012) and IB2 KO 476 mice (106.8 ± 51.8%; n=5; p= 0.05), while PPR (interstimulus interval 20 ms) showed a significant 477 reduction in WT (-19.6 ± 9.3 %, n=8; p = 0.033) but not in IB2 KO (-6.7 ± 3.3 %, n=5; p = 0.1).
478
Interestingly, CV significantly decreased in both WT and IB2 KO (WT = -28.3 ± 6.7, n=12; 479 p=0.002; IB2 KO = -30.0 ± 8.0, n=9; p = 0.012). The CV decrease suggested that neurotransmitter 480 release was increased not just in WT (Sola et al., 2004) but also in IB2 KO mice, although with 481 some difference (see below).
482
The CV and PPR analysis cannot stand alone in determining the changes that could affect 483 the neurotransmission process (Yang and Calakos, 2013) . A further way to assess whether EPSC 484 changes depend on the number of releasing sites (n), release probability (p) or quantum size (q) is to 485 plot (CV 2 /CV 1 ) −2 versus (M 2 /M 1 ) (Bekkers and Stevens, 1990; Malinow and Tsien, 1990) ( Fig. 8B ).
486
The WT experimental data points were distributed homogenously in the quadrant corresponding to WT mice (cf. Fig. 8A ). In the same recordings, mEPSCs amplitude did not vary in WT granule cells 506 (3.3± 3.7 %, n=4; p = 0.4) but showed significant increase in IB2 KO granule cells (28.9 ± 5.66 %, 507 n=4; p = 0.016). Conversely, mEPSC frequency showed a significant increase in WT granule cells 508 (46.1± 12.9 %, n=4; p = 0.016) but did not show any significant changes in IB2 KO granule cells (-509 16.9± 6.0 %, n=4; p = 0.11). Therefore, mEPSC analysis indicated that, while WT granule cells 
Altered spatial distribution of LTP and LTD in the granular layer of IB2 KO mice 518
Given the enhanced LTP magnitude (cf. Fig. 5 ) and the altered C/S organization in IB2 KO 519 granular layer (cf. Fig. 3) , VSDi experiments were conducted in order to unravel possible 520 alterations in the spatial distribution of LTP and LTD in IB2 KO granular layer. As recently shown 521 using the same technique, the spatial distribution of areas undergoing LTP and LTD in the 522 cerebellar granular layer displays a C/S-like organization, with LTP in the core and LTD in the 523 surround (Gandolfi et al., 2015) . The investigation of this feature in WT granular layer revealed a 524 similar organization. Interestingly, the C/S organization of core-LTP and surround-LTD in IB2 KO 525 granular layers showed a shape alteration with larger LTP cores and thinner LTD surrounds (Fig.9 ).
526
The analysis of the granular layer areas with LTP and LTD revealed several abnormalities with 527 respect to WT: i) LTP magnitude in the center was higher (WT = 28.4 ± 3.3% vs. IB2 KO 528 =109.4±6.7%, n=6 for both, p=8x10 -6 ); ii) LTP total area underwent an impressive increase (WT = = -22.0±2.5%; n=6 for both; p=0.0004) ( Fig. 9 C,D) . overexcitation. Another effect that might be compensatory, is the emergence of an NMDA receptor-599 independent form of mossy fiber -granule cell LTD, that might help counterbalancing the excess 600 LTP at the same synapse when GABA A receptor-dependent inhibition is engaged (see Fig. 7 ). 603 The alterations observed in the cerebellum granular layer of IB2 KO mice resemble in some Possible consequences of alterations on cerebellar functioning 626 The cerebellar granular layer has been proposed to perform expansion recoding and spatial 627 pattern separation of input signals (Marr, 1969) , which can be regulated by long-term synaptic 
602
Comparison of alterations with other circuits and ASD models
674
Linear fits in control condition (dashed lines): WT x-intercept 11.7 ± 0.8 pA, slope 5.7 ± 0.9 675 spike/pA (n=6); IB2 KO x-intercept 5.5 ± 2.5 pA (p = 0.04), slope 6.5 ± 0.5 spike/pA (n=8; p = 676 0.46). Data are reported as mean ± SEM.
677
Linear fits in presence of glutamate receptor antagonists (dashed lines): WT x-intercept 11.0 ± 1.6 678 pA, slope 3.6 ± 0.4 spike/pA (n=8); IB2 KO x-intercept 13.1 ± 1.8 pA (p = 0.4), slope 5.6 ± 1.15 679 spike/pA (n=6; p = 0.15). 
782
(B) The plot shows plasticity as a function of distance from the center for the maps shown in A.
783
Note that in IB2 KO the LTP magnitude in the core is larger, and that the core is broader than in 
